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® Higgs field is a complex scalar field introduced to break the

electroweak symmetry and to introduce mass terms in the Standard
Model (SM) Lagrangian

® Neutral, spin 0 Higgs Boson must be found to complete SM picture

® Higgs mass is a parameter of the theory
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Constraints on

® Precision Fit of electroweak precision data, 6T
including top quark and W masses N\ O LA
— 0.02758+0.00035 { ?

e 002740000012 [

® Dbest fit H|ggs mass = 76 + 33 - 24 GeV 4_. B
= my < 144 GeV at 95% CL .1 N\ -
w W (’-‘ W ] \? /s/f' Preliminary |
FUA 4'4'8 o;o’& 4104»» I . 71('16 300
m,, [GeV]
Direct Search Limit: o bbi:;
m, 2 114.4 GeV @ 95% CL > : J
e Z

Combined direct/indirect limit;
my < 182
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Higgs Produc

J/5—196Tey  SMHiggsproduction hepphiosor30s  Higgs decays to pairs of fermions

10° . Ju mvu  orbosons, depending on available
olfb] 5 .
A q phase space to produce real particles.
2 lq q q W2z W1Z H— bb H - WW
102 7 - - W
o .x"*—.__ ‘--q N = i
q q =
10 qq —+ Zh §
&
geqq —* tth 0.1 —'_
l TeVALHC Higgs working grosp —7 \
100 120 140 160 180 200 = :
m, [GeV]
102 &
. . —d
Production through gluon fusion, =
Higgsstrahlung or vector boson fusion
1060 150 ;u‘so 160 T80 2
' m,, (GeV/c?)
—

For maximal signal significance: :
- Higgsstrahlung or “associated production” searches at low mass hlgh mass region

- gluon fusion searches at high mass
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Event Signature

e 2 high pr leptons and missing Er

Backgrounds: Diboson (mainly WW), Drell-Yan, tt, W+jets

{
q 1%
v

Analysis Approach - similar for CDF and DO

e Phase space selection

e data are binned according to lepton flavor: e+

e Simulate background processes

e Normalize the backgrounds

e Analyze the data with multivariate techniques

e In the absence of signal, extract limits

g

, .
—*—”\/\/V\/\/*<

ol e
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CDF Analysis

Base Selection

e |epton trigger selection

® 2(4) categories of electron
(muons) with opposite charge

® [epton and missing Et cuts

applied to reduce backgrounds

e event-by-event likelihood ratio

pr. > 20,pr2 > 10

25 <Er et =K1 - sin(min(w /2, A¢(Er, lepton or jet))

ET \/Z Er > 25

Njets < 2 (pl > 15CCV)

my > 16

trilepton veto

discriminant constructed as final

variable

CDF Run Il Preliminary I Ldt=191"
— 10 x my, (160) «data [t
801 Oww  Ewy
Owz [Jw+jets

Events / 10 GeV/c
~J
o

100 -50 0 50

oy

100

150

leading lepton p, [GeV/c]

Events / 10 GeV/c

120

CDF Run Il Preliminary _[ Ldt=1.9f"

— 10 x my, (160) sdata [t
Oww  @wy
Owz  [Owtjets
Ozz oy

100

o
(==}
I

2]
o
1

N
2

N
o
1

ol o
150 -100  -50

100

0 50
subleading lepton p, [GeVic]

150

CDF Run Il Preliminary I Ldt=1.9fb"
250]— 10 x m, (160) edata [t
] Oww  @wy
] Owz  [Ow+jets
200 | Ozz oy
I
1501
100
S %
—
| — —-ﬁ%
O 1 1 1 1 II
ee en Hp e trk e trk
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Event Yields

® Background/Data yields:

Base [[H Selection

Category | WW WZ ZZ tt DY W~ Wjets Total Data
ee 46.6 53 &2 29 266 27.2 22.8 [ 140 £12| 144
e i 110.1 3.2 05 7.0 225 238 24.1 (191 £17 | 191
i 36.0 41 6.7 27 176 0.0 3.1 70 £ 6 H8
e trk 378 26 33 26 103 6.5 109 74 £ 6 &0
1 trk 206 16 23 15 53 1.1 5.8 | 38 = 3 49
Total 251.0 16.9 209 16.8 822 585 66.6 | 513 41| 522

e Signal yields:
Higgs Mass (GeV)

Category | 110 120 130 140 150 160 170 180 190 200

e e 0l 03 06 09 12 14 14 1.1 08 0.6

e [ 0.2 06 13 20 26 |31 30 25 18 14
[y 01 02 05 08 1.1 13 13 10 0.7 06

e trk 00 02 04 07 09 12 12 10 0.7 06

u trk 00 01 02 04 06 08 07 06 04 0.3
Total 04 1.3 30 48 64 78 76 6.2 44 35

Sabine Lammers

High Mass Higgs




Matrix Element

® idea: use LO matrix elements to calculate event probabilities

e for each event and process integrate ME over phase space,
accounting for efficiency and resolution of observables

1 doth(y
e [ ()G wopes )iy
RO / dy T ,\
ME = resolution
efficiency

® calculate likelihood ratio for each event:

Py (:Uobs) H = Higgs mass hypothesis
L =
R(:CObS) Pr (xObS) i Zz ki b (xobs) ki = expected fraction
per background
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| R cross-check

® Define LR discriminants for background processes

® (Good agreement between data and expectation indicate
accurate background simulation

<t
Q
o
~
2]
—
c
o
>
L
CDF Run Il Preliminary f Ldt=1.91"
g 60-—10><mH(160) .data [t
© Oww  @wy
~
o 50 owz OW+jets
S mzz [pbY
Lﬁ 40" Overflow = 1
30 -I|r
20
I
10 ] _+_ 'l' "L |
T
O T T T L
0 0.2 0.4 0.6 0.8 1

LR (WW, high S/B)

CDF Run Il Preliminary [Ldt=1.910"
1204—10><mH (160) .data [t
Oww  @wy
100 Owz  [Jw4+jets
n @zz [JpY
80|
60-
40-
20-
0

0.4

0.6 0.8 1
LR (Wy, high S/B)

Events / 0.04

60

| + mzz

50

40

CDF Run Il Preliminary [Lat=1.91"
— 10 x my (160) cdata [t
Oww  @wy
awz OW+jets
[oy

0.6

0.4

0.8

1

LR (W+ets, high S/B)
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Result

® Data separated into regions of low and high S/B

® Binned maximum likelihood fit of LR e
discriminant used to determine limit S ool O @
0 +jets
c Ozz [pby
® 0 x BR < 0.8 pb @ 95% CL for mu=160 GeV/c? £ =f

= Observed Limit/osm (NNLL) ~
= Expected Limit/osm (NNLL) ~ 3

CDF Run Il Preliminary f Ldt=1.9fb"
s [ o ‘
b"’.] 02 — Observed _ 0 0.2 0.4 0.6 0.8 1
= - Median Expect ] LR (H>WW, low S/B)
E - + 10— CDF Run Il Preliminary j Lat=1.91b"
. + 26 g 140_—1O><mH(160) .data [t
- S Oww  @wy
(&) o 120 OwWz  [Ows+jets
c mzz [py
{10 [ Q mmi
n [ Fourth g
()} | Generation 801 F
-New Interactions -
\[Manohar& Wlse) \\
\\\\\ - \
™.
1 k(d\lﬂodek NN \ \\
L I l\ \ | o \\ \ \l - \

110 120 130 140 150 160 170 180 190 200

Higgs Mass [ GeV/c?]

0 0.2 0.4

0.6
LR (H—WW, high S/B)

0.8 1
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DO Analysis

® Preselection:

After Preselection, M =160 |

4
'%°E Do Run lla

o Mee, Mep (Mpp) a5 (1 7) GeV 10

e combined single, di-lepton trigger selection wai_ Preliminary

ensures efficiency > 95% i
® 2 leptons with opposite charge ok -
e |epton pr>10-20 GeV depending on channel, 1

Higgs mass e

; 2 AT Y 0 20 40 60 80 100 120 140 160 180 200
® Final selection cuts optimized for each Higgs mass M,/ GV
P e data
Separa‘[ely IPresaenn S doin ‘ Preselection 66 B e
[ N [ s
[ 1 QGCD fakes C [ 1QCD fakes
Cww 10%E DO Run lla Clww
10° DO Run lla Et“t"’:e"’ " Preliminary EEwW oy
Preliminary . # - 3 =
uu 3 ltoee
6/1/ B wzzz 107 ¢ —— 160 GeV Higgs
102 —— 160 GeV Higgs E

good modeling ™

10
of background 10-
1 1-
.1-
107510 20 30 40 50 60 70 80 90 100 107920 40 60 80 100120140160 180
Missing Et (GeV) Invariant Mass (GeV)
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Event Yields

ee(1.1fb ") epn(l.1fb™ ") pp(1.7F671)
Final (Stringent) lepton 1D pra > 15,pro2 > 10 pr, > 20,pr2 > 10
. lepton ID mu > 15, isolation muy > 17, isolation
selection: P Br > 25 - 35, scaled(Br) > 7
mi < T min(mu /2, 80) mu /2
pr.y + prot+ Bt my /2420 <z <mpy
mT,min(l, Er) x > 50 — 65 x> 30 - 45
HT=ZpJ;t Hpr <70 Hy < 50 — 60
Ady Aoy < 1.25 - 1.5
wu channel:
My (GeV) 120 140 ( 160 \ 180 200
H W W 0.32 = 0.01 0.87 + 0.01 1.20 = 0.01 0.90 + 0.03 0.43 = 0.01
Zjy — 1l G41=06 60+05 13 =0.2 1.5+ 0.2 2003
Diboson (WW, WZ) 12.5 £ 0.1 14.9 4+ 0.1 9.7+ 0.1 10.7 £ 0.1 14.7 £ 0.1
tt 0.4+0.1 0.8+ 0.1 0.6+ 0.1 0.7 + 0.1 0.7+0.1
W +jet [ 80+ 1.7 35+ 1.1 1.1+ 1.1 1.0+ 1.1 0417
Multi-jet 0.2+0.1 0.1+0.1 0. = 0. 0.4 0. 0+0
Background sum 208 £1.7 253+ 1.2 126 £ 2.0 138 +1.2 183 +1.7
Data 31 24 12 15

\ 10
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NN applied to

_Higgs 160 GeV (After Cuts 1-6) | &

Z— ee

® Neural net discriminant tuned to further ol —py
" DoRunila CE | ww,

enhance signal and background separation - Preliminary —R:

it oee
105 —— 1680 GeV Higgs

e Event variables are inputs:

PT,1 :
pT2 \
Mt 2%
0 0.10.20.30.40.50.60.70.80.9 1

RIS Neural Network Output
A(I)1 ) /y | Higgs 160 GeV (After Cuts 1-6) | = @
A¢1 MET E %%Cvlafakes

10°:  poRun I & e
A¢2,MET / - prenr?wri]na?y lu — i
MET / 10- — 160 GeV Higgs
PT,1 +pT,2+M |52l ]

e NN trained on WW background samples, ol

run on all backgrounds; separate optimization

for each channel and H 12gs mass 10%9°0.10.20.30.4 0.50.6 0.70.80.9 1
Neural Network Output

® Final result determined from fit to NN output
Sabine Lammers High Mass Higgs i)




Contribution WWw WZ ZZ tt DY Wl W —jets H
Trigger 2 2 2 2 3 7 - 3
Lepton ID 2 1 1 2 2 1 - 2 .
Acceptance 6 10 10 10 6 10 - 10
EModeling 1 1 1 1 20 1 = 1
Conversions 0 0 0 20 - 0
NNLO Cross Section 10 10 10 15 D 10 - 10 T
PDF Uncertainty 2 3 3 2 4 2 - 2
Normalization 6 6 6 6 6 23 6
[Contribution Diboson| Z/y° — ££ | W + jet]~ tt QCD H
Trigger 5 5] 5 5 - 5
Lepton ID Ee - - : - e
Momentum resolution| 2-11 2-11 2-11 2-11 - 2-11
Jet Energy Scale 10 10 10 10 - D
Cross Section 4 4 4 4 - 4
PDF Uncertainty 4 4 4 4 - 4
Normalization 6 6 20 6 20 -

® systematic error dominated by uncertainty on background normalization

® additional significant contributions from acceptance, momentum
resolution, jet energy scale

Sabine Lammers High Mass Higgs 14



Results

® All channels, bins are used

likelihood function forbest £ £\ | = . -
e e t o\ DORinNPreliminary |
sensiavity and Imit. . : H—>W"W—>ee,eg,L_1 ; fb‘_
® Observed Limit/osm (NNLL) & 7¢
=24 @ my=160 GeV Z 20l Y
® Expected Limit/Osm (NNLL) = 10F oo™
= 2.8 @ my = 160 GeV C | Standard Model 107 _
0T¥1'6' e %éd =
m,, (GeV/c?)
ms, (GeV] 120 140 160 180 200
expected limit (95% C.L. limit/SM (NNLL) cross section)
Run Ila combination (1.1 fb™*) 28.7 8.3 3.5 5.3 11.7
Run Ila 4+ Run IIb combination (1.7 fb~")[22.2 6.7 (2.8) 4.4 9.7
—
observed limit (95% C.L. limit/SM (NNLL) cross section)
Run Ila combination (1.1 fb™*) 48.9 12.3 3.1 5.5 11.4
Run Ila + Run IIb combination (1.7 fb~")|47.3 12.0 (24) 4.7 11.1
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WH->WWW?*

Associated Higgs production mode makes use
of like-sign isolated lepton (electrons or muons)
e one of W’s from Higgs decay has same-

sign lepton as associated W
e avoids large SM backgrounds (Z/y*, WW, tt

production) present in direct H=>WW* searche

e background from “charge flips” accounted
for by estimating flip probability from
data (ratio of like to unlike sign events
at high invariant mass (M;>70 GeV)

D@ Run Il Preliminary

- —%— D@ 0.4 ib' (~jobserved/(-—Jexgected
—8— D@ 1.0 fb5' (=)observed/(---Jexgected

Theory: (=)fermiophobic/(---)SYl Higgs

o(WH) x Br(H —» WW) (pb)
T

Excluded by LEP

1_2_.,|. I"‘|1.1|...:|...|...|
0 100 120 140 160 180 200

m,Gev) Limit: 0.9 pb at 95% CL for myp=160 GeV

D@ Run Il Preliminary

—s— data

30t

20t

>
Q
)
o
o™
N
o
c
(3]
>
1]
S

10t

0 100 200 300 400

Event Selection:
e dilepton (ee,ep,uy) trigger

e EM cluster with pr>15 GeV,
In|<1.1, matched to central track

e isolated muon with pr>15 GeV
e third lepton veto

® missing Er>20 GeV

Sabine Lammers
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® Current state-of-the-art limits on Higgs production for my < 200 GeV
per experiment

CDF
CDF 11 Preliminary D@

T T e . ' . . q
E ....... Erpectod WIS S [TSMHidgs Combination = Observed Limit |
b : 'I:l‘::(l:(l;’l’m'"“hh L% WPI’E"MM’W; '” S1.(1D ——— EXpOCtGd lelt :
- — P c— £
E ' - ::::r.;?mm. :T
| o HWWIy L9 &F
* Eapected HW Wy
— —_— u:r for 1:1.9/ 2 10 ){ﬂh’_—k ijﬂ/‘({
w [ N LSS e Expected CDF ¢ 10 % ~ o ,.h‘" -
&) g /( e : "
N 2 N
) = 1
= Stanttard: Model=-1.0-]
=
110 120 130 140 150 160 170 180 190 200

120 140 160 180 200 m, (GeV)
Higgs Mass (GeV/c?)
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Latest Higgs R

2
10 =
® Nearly at required (% o T-EP - Toim: ffEffgfffffffffffffff?fff"‘_"_"_"_"_'! '''' C DF|EXpec{ted """"" t'fffffffffffff
sensitivity for my = 3 7 M —— S
160 GeV! Look for E [ T B DO Expected I
tantalizing results at j """"" o e evatuon Hepeeted
Moriond 08' U 10 B T o e .“,

e DO and CDF =X
sensitivities are 10 S R . i
largely similar, |
differences can 1 o SM : _
appear as each R T T T T T T
experiment updates 110 120 130 140 150 160 170 180 190 200
their analyses hep-ex/0712.2383 mH(GeV/Cz)

- limits: Observed limit @ mpu=160 GeV

4.3 x SM expectation at mp=115 GeV

- 1.4 x SM tati
1.9 x SM expectation at mp=160 GeV o B )
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Summary and

The Tevatron is closing in on the SM at large values of Higgs mass
CDF and DO have comparable sensitivities

Each experiment currently achieves expected limits of ~3 x SM
Cross section

Recent improvements in NN discriminants, lepton acceptance has

Frowded experimental sensitivity gain of 1.7 (does not include
uminosity gain).

At high mass, we expect additional gain of 1.4 from:
e optimizing multivariate techniques (30%)
e |epton efficiency (10%)

Further additional improvements could come from adding tau
channels

Sabine Lammers High Mass Higgs
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Backup
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Tevatron Pro

o Including data taking efficiency,
projected full data set will be

e 5.5 fb-1 by end of 2009
e 6.8 fb-1 by end of 2010

e w— QB0 GL Limit ©

= 3-¢ Evidence

=] 2010
——1 2009

® Assumption: projected sensitivity for
muy = 115 GeV will be factor x2 higher
than current for full dataset I

ts 10 120

Analyzed Luminosity / Experiment (fb™)

) - ll - ll‘l LoX l b S —— ‘ s 1 l R
130 140 150 160 170 180
m,, (GeV/c?)

® Improvement from 2005 -> 2007 was
iEictor 1.7

e Several possibilities for improvement:
e Better b-tagging with Layer O
e dedicated group studying dijet mass
resolution
® many gains to be made in acceptance

e implementation of multivariate
techniques

o w35 Evidence

- D@ 2 Sensitivity Projection " _
| Projection: D@X2 ..

n 3-¢ Evidence £1-¢-

10

Analyzed Luminosity / Experiment (fb™)

r~~i--~1---1---r--r~--:-~-1-~1-“r--1~--:-~r~1~-r~'-r--."-r~r~r‘~|-~v -~r~r~1-~-r~:--vr--r-'r-vrni---r--~r--r--r--
110 120 130 140 150 160 170 180
_ m, (GeVic)
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Sensitivity and Projections — M, = 115 GeV |

e Since 2005, our analysis sensitivity has improved by a factor of 1.7
beyond improvement expected from sqrt(luminosity)

— Acceptance/kin. phase space/Trigger efficiency
— Asymmetric tagging for double b-tags |
— b-tagging improvements (NN b-tagging) |
~ improved statistical techniques/event NN discriminant 'i
> for channel with largest effort applied (WH) factor was 2.1 |

« For 2010, we estimate that we will gain an additional factor of 2.0
beyond improvement expected from sqrt(luminosity)

— add single-b-tag channel to ZH—-vvbb |

— include forward electrons, and 3-jet sample in WH ,||

— b-tagging improvements i
« Layer 0 (~8% per tag efficiency increase) ‘
 add semileptonic b-tags (~5% per tag efficiency increase) |

— Di-jet mass resolution (18% to 15% in o(m)/m) i|

— increased lepton efficiency (10% per lepton) ‘

— improved/additional multivariate techniques (~20% in sensitivity) |

Gregorio Bernardi / LPNHE-Paris / W&C Dec. 07 49




LEP Direct Se

® | EP direct search result :
combination from four experiments
found hint of a signal at my ~118
GeV, but could be fluctuation

® | EP technique for deriving limits

e Ratio of Poisson Likelihoods

m,2114.4 GeV @ 95%

e Comparison of signal+back%round

V5 — Mz =206.7— 91.2 = 115.5GeV

CL

and background only hypotheses to
data
7 L LEP e 200200Gev Tight .‘;0,12 s (1 S :;F.l-’“‘(k‘_k:
+ Data = - Expected for background
€1 L seckarouna B 1| o e i
oo 0i's . Skgnal (115 GeV/c)) z
e Probability densities determined s - Z |
using toy MC experiments whose e g 5. |
event makeup vary according to s |oom O £ |
statistical and systematic : “J‘ | I
uncertainties I } h
00320 30 60 s 100 120 —‘0.'5—“'-1.6”:':"'-5”> 0 TR
m, rec (GeV/c?) i -2In(Q)
Sabine Lammers s
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b

Tevatron Detec

1 1 . Forward Mini-drift
® DO - Liquid Argon and Uranium G| [Contlseinlotr] Lot Send
Scintillator sampling calorimeter w& N s

e Silicon Microstrip and Fiber tracking (v |

Good muon coverage |n| <2 n=-In(tane/2) T
e 2T magnetic field

7

New Solenoid, Tracking System | | . I A
Si, SciFi,Preshowers 5

+ New Electronics, Trig, DAQ

L

® CDF - Lead Scintillator sampling calorimeter
® Large tracking volume + silicon

® Muon coverage |n| < 1.5

® 1.5 T magnetic field

L

=)

T
\

e

-

-

=7

‘.‘:\

Muon chambers/scintillators
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Event Yields

Event yields after final (stringent)

selection:

ee channel

emu channel

mumu channel

|
f

e HET

pigi

lepton 1D

pr = 15, pra = 10, my > 15, solation

¥

Er = 2, significance(fr) > 7

my < &

min{m /2, 80} | my /2

&l

pr, + pr.s

+ Ba

m.-:,-"'.! + M =< <My

1K) <« 16D

Ly .|.:-'-|:!.- 'P:l".:l

T = 154 m.llllll'.]

T > 5

Hy =% gl

o =2 100

Hy < Tl

Agyy < 2.0

My (GeV)

120

160

200

H—-W W

0.1 = 0.5

.41 £ 0.03

(.78 = 0.02

(.25 = 0.01

Ziy — U

Diboson (WW, WZ)
W jet /~

Multi-jet
Background sum
Data

s

0.3 03
TO0£03
1401
5.1+ 1.7
0.2 0.1
14.1 = 1.7

(.0 +0.0
1
5401
2415
1+0.1

0.0 =0.0
5.5=03
14=0.1
6.7 =20
0.1 £ 006

13.8 =20

1.3 0.2

1.2+0.1
JR L 14
0.21+0.1
GRE1E

+ 0.3

My [laeV )

120

140

180

H— W W

{L2]1 = (L

0.5 = .02

1.0 = (LIKS

iy — i

Dibeon WA, W)
Lt

W +jet i

Multi-jet
Harkpround sum

d =+ (1.2

Ly -— e
14.6 = 0.1
1.1 (L]
aax 1.5

i
1.3 %02

L2 == (.1

1dE =101
1.1 £ (L1
1.8+ 1.4

(L% == (.2

L1 =102

2.2=20

il =il
108 =0l
1.1 £1.1
it LG
(L% £ .2

1ITE=1hE

Diata

214+ 1.5
20

20

14

My (GeV)

120

140

160

1801

2000

= W W

0.2 = 0,01

[ET + 0.1

129+ 0.01

(40 £ 0.0kE

0.4 = 0,01

v =l
e, i

l.'l::.hmcm (WW, W&}

tt
W 4-jet sy
Multi-jet

B4 0.6
125 +101
=01
H=1.7
0201
HE+ 1T

6.0L 0.5
1449 1.1
el
35+1.1
10l
253+ 1.2

1302
BT +01
(i =01
1.1+1.1
X
1.6+ 2.0

L5+ 0.2
107 +10.1
wr il
Lo+ 1.1
£
15.84+1.2

29 0.3
14.T =101
0T=01

[ata

31

24

10

11
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Deriving Limi

Example (idealized) LLR distribution

0.1
. : : . : = _ Signal+ Back d
® Limits derived using semi-frequentist 009 | " Backgroand
CLs method where test statistic is 2007 |
SR = -2 LOgQ = Log[P(s+b)/P(b)] §o.oe :
2005 | /"’\RQ% Interval
i e , S i € >
e P are probability distribution T
functions for the signal+background el
and background only hypotheses - f _95%Interval
e P are populated via random Poisson T e
trials with mean values given by the
expected number of events in each LLR
hypothesis. =" DG Preliminary, L=1.7 fb"

WH- | v bb

e Systematic uncertainties are
incorporated by varying the expected
number of events in each hypothesis
according to the size and
correlations of the uncertainties

[ TS TN T T T T S T S S S I A T A
105 110 115 120 125 130 135 140 145
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Results

LLR

Limits derived using semi-frequentist
CLs method where test statistic is 2

LLR = -2LogQ = -2Log[P(s+b)/P(b)] 1

D@ Preliminary, Run lla, L=1.1f6' WILLRg 1-0
_ H—>W*Wr—>e+ - Ty :

l[llllllllll

Limit per channel:

My, [GeV] 1320 140 1641 1H0 200

expected limit {95% C.L. limit/SM (NMLL) cross section) 2
ce 64.1 16.6 T.65 11.5 26.7

e LR 10T a.0b 7.2 14.8 . N N T T e e

i 45,2 16.49 H.5 pE R a2.2 720 130 140 150 160 170 180 mw(%ewc";?(’
H

llllllllllll

Hun [la combination|25.7 H.4 3.5 hd 11.T
ohserved Lmit (907 L.L. [mit, S0 | M™ L1 cToss section |
ee HiLE 15,41 H.(h 12.6 21.49
£ fifa.23 14.4 4.7 a8.7 15.7
Ligd L 220 11.3 20.00 Aa2

Hun lla combination [45.9 12,3 31 5.5 11.4 :_ = Observed Limit
| - - P s Expected Limit
- B 1
= _F 5 Dﬁ Prellmlnary Run lla, L= 1 1fb
® All channels, bins are used to AN H%WW_}“,WM
determine combined LLR for best 1., ..\
. . . . . o I,‘
sensitivity and limit: 5 [,
E 20 :_ "....* .. &
] - '
= I::r ::»1.‘.‘:”1;31' ‘.'ll.“;:uil sr.x:Tfi.\..x....%’.:.f. P 10:_ ' i 3 ¢
1 11a 4 Run Iib combisatioa { 22 &7 28 : : Standfa d Model = 1 0 T } . '
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L1Cal2b Upgr

® Upgraded tri Eer electronics provide better digitization and allows for
sophisticated hardware (sliding window) algorithms including
clustering at Level 1.

® New features include triggers for jets, taus, isolated electrons, missing
Er, and topological triggers, e.g. acoplanar jets or back-to- back

electrons
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